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Presented  are  details  of  the  design,  fabrication,  and  testing  of  subscale 
hardware  used  in  the  evaluation  of  carbon  deposition  characteristics  of 
liquid  oxygen  and  three  hydrocarbon  fuels  for  both  main  chamber  and 
preburner /gas  generator  operating  conditions.  In  main  chamber  conditions, 
the  deposition  of  carbon  on  the  combustion  chamber  wall  was  investigated 
at  mixture  ratios  of  2.0  to  4.0  and  at  chamber  pressures  of  1000  to  1500 
psia.  No  carbon  deposition  on  chamber  walls  was  detected  at  these  main 
chamber  mixture  ratios.  In  preburner /gas  generator  operating  conditions, 
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the  deposition  of  carbon  on  the  turbine  simulator  tubes  was  evaluated  at 
mixture  ratios  of  0.20  to  0.60  and  at  chamber  pressures  of  720  to  1650 
P s i a . The  r e s u Its  o f t h e t e s t s s h o w ed  ca r bon  deposit i o n r a t e t o b & a 
strong  function  of  mixture  ratio  and  a 'weak  function  of  chamber  pressure. 
Further  analyses  evaluated  the  operational  concequences  of  carbon 
deposition  on  preburner /gas  generator  performance.  This  is  Volume  2 of  the 
report,  which  contains  data  plots  of  all  the  test  programs. 
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DATA  PLOT  NOMENCLATURE 


CDA  effective  area  for  fluid  flow 

DPTR  turbulence  ring  pressure  drop 

DPTS  turbine  simulator  pressure  drop 

DPTS-C  DPTS  measured  or  (PCTSU  - PCTSD)  if  DPTS  measured  is  invalid 

NA1  nozzle  area  based  on  Pc  near  injector  face 

NA2  nozzle  area  based  on  Pc  downstream  of  turbine  simulator 

PCTSD  pressure  downstream  of  turbine  simulator 

PCTSD-2  second  pressure  reading  downstream 

PCTSU  pressure  upstream  of  turbine  simulator 

PCTSU-2  second  pressure  reading  upstream  of  turbine  simulator 

PCTSU-3  third  pressure  reading  upstream  of  turbine  simulator 

PRTR  turbulence  ring  pressure  ratio 

PRTS  turbine  simulator  pressure  ratio 

PRTS  CORR  turbine  simulator  pressure  ratio  using  DPTS-C 

TCR-1  thermocouple  rake  gas  temperature 

TCR-2  thermocouple  rake  gas  temperature 

TCR-3  thermocouple  rake  gas  temperature 

TCR-4  thermocouple  rake  gas  temperature 

TCR-5  thermocouple  rake  gas  temperature 

TCR-6  thermocouple  rake  gas  temperature 
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APPENDIX  E-1 
1984  L02/RP-1 

MAIN  CHAMBER  DATA  PLOTS 
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TEST  NO.  RLB6-936- 1 3 1 
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TEST  DRTE  03-02-84  1713  HOURS  AVERAGED  DATA 


240 


APPENDIX  E-3 
1985  RP-1 

GAS  GENERATOR  DATA  PLOTS 


E3-1 


cost  000!  005 
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PSIfl 

2 
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3 

POJ 

PSIfl 

4 
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PSIfl 

5 

PC-1 

PSIfl 

6 
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PSIfl 
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I SECONDS  I 


MEASURED  PRESSURES  VS  TIME 
TEST  NO.  2427-936-06-113 

TEST  DATE  10-23-85.1213  HOURS  AVERAGED  DATA 


FLOW  ( LB/SEC ) MIXTURE  RRTIO 

2 3 4 5 0.0  0.5 
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Q 16  32  48  64  80  96  112 
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F WF  LBS/SEC 
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TEST  NO.  2427-936-R6- 1 1 3 
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4 KHFJ 
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C00LRNT  OUTLET  TEMPERATURES  VS  TIME 
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6 THC-33  DEG  F 
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112  128 
TIME  (SECONDS) 


144 


160 


176 


192 


208 


224 


1 

TWC-2 

OEO 

F 

2 

TWC-26 

DEG 

F 

3 

TWC-27 

OEG 

F 

4 

THC-31 

DEG 

F 

5 

THC-32 

OEG 

F 

6 

TWC-33 

DEG 

F 

7 

TC-7C 

DEG 

F 

COOLANT  OUTLET  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-A6- 1 44 


■ AEROJET 

©TechSystems 

COMPRNY 


TEST  DATE  11-18-85  1140  HOURS 


AVERAGED  DATA 


240 


309  OSE  001  091- 

E3-85 


1 PRTR 

2 PRTS 

3 PRTS  COFR 

4 OPTR  PSi 

5 OPTS-C  PSI 

5 OPTS  PSI 


TURBINE  BUILD-UP  DfiTR  VS  TIME 
TEST  NO.  2427-936-R6- 1 44 

CHAMBER  PRESSURE  DROPS  BND  RATIOS 

AEROJET test  DATE  1 1 -18-85  1140  HOURS  AVERAGED  DATA 

©TechS  ystRins 

COMPANY 


3Hd 

E3-87 


I 

PCTSU 

PSIA 

2 

PCTSU-Z 

PSIR 

■s 

PCTSU-3 

PSIR 

4 

PCTSO 

PSIR 

PCTSD-Z 

PSIR 

AEROJET 

©TechSustems 

— COMPANY — — 


TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427-936-R6-144 

PRESSURE  MEASUREMENTS 

TEST  DATE  11-18-85  1140  HOURS  AVERAGED  DHTA 


GRS  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 44 

PRESSURE  MEASUREMENTS 

TEST  DATE  11-18-85  1140  HOURS  AVERAGED  DATA 


) 


1 PQT  PS  I ft 

? Pf  T PS [ft 

: p'jj  PC  I ft 


MEASURED  PRESSURES  VS  TIME 
TEST  NO.  2427-936-R6-149 


i"  f J f •'  i M 

5 PC-1  PSIfl 

5 POJI  PS LR 

7 PF J I PSIfl 


RERDJET 


©TecJiSystems 


COMPRNY 


f-;5T  DATE  11-18-85  1542  HOURS  AVERAGED  DATA 


FLOW  (LB/SEC)  MIXTURE  RRTIO 


F WF 
0 WOX 
T HTOT 


LBS/SEC 

LBS/SEC 

LBS/SEC 


INJECTOR  FLOW  VS  TIME 
TEST  NO.  2427-936-R6-1 49 


M MR 


REROJET 

@Tenh5ystEms 

COMPANY 


TEST  DATE  11-13-65  1542  nOURS  hVERRGED  DRTR 


/ 


) 


1 

OPOJ 

PSl 

2 

OPFJ 

psr 

3 

KHOJ 

4 

KWFJ 
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CSTRPB 

FT/SEC 

6 

CSTflR 

FT/SEC 

INJECTOR  CRLCULfiT IONS  VS  TIME 
TEST  NO.  2427-936-R6-149 

RERDJET TEST  DATE  1 1 -18-85  1542  HOURS  RVERRGED  DflTR 

©TechS  ystems 

COMPANY— 


TEMPERA 


CO 

I 

to 

ro 


0 16  32  48  64  60  96  112  128  144  160  176  192  208  224  240 

TIME  (SECONDS) 


1 TC-7  DEO  F 

2 TC-IO  DEG  F 

3 TC-11  DEG  F 

4 TC-12  DEG  F 


GRS  SIDE  WALL  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 49 

BRRREL  DRTR 

AEROJET TEST  DATE  11-18-85  1542  HOURS  RVERRGED  DflTR 

©TedoSystems 

COMPANY 


COOLANT  OUTLET  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-RG- 1 49 


TEST  DRTE  11-18-85  1542  HOURS 


AVERAGED  DHTR 


1 PRTR 

2 PRTS 

3 PRTS  CDRR 

1 DPTR  PS  I 

5 OPTS-C  PSI 

6 DPTS  PSI 


1 PCTSU  PSIfi 

z pctsu-z  psm 

3 PCTSU-3  PSIR 

4 PCTSD  PSIR 

5 PCTSD-Z  PSIR 


TIME  f SECONDS ) 


REROJET- 


©TechSystems 


TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427-936-R6- 1 49 

PRESSURE  MEASUREMENTS 

TEST  DATE  11-18-85  1542  HOURS  AVERAGED 


DATA 


■COMPANY 


TEMPERATURE  (DEG  F) 


SOD  1000 
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psir 
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PFT 
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POJI 
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PSIfl 

REROJET- 


rechSystemi 
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_r — • — -f"-  • ' • i -• ' 1 ~~  i l~—  — i ^ 
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MEASURED  PRESSURES  VS  TIME 
TEST  NO.  2427-936- AS- 1 50 


TEST  DATE  11-18-85  1558  HOURS 


AVERAGED  DATA 


FLOW  t LB/SEC)  MIXTURE  RRTIQ 
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in 
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O J 


U5-I 


cmH 


D J 


F WF  LES/SEC 
0 WOX  LES/SEC 
T WTOT  LES/SEC 
M MR 


AEROJET 

©TechSustems 

■ COMPANY 


REROJCT  TECHSrSTEttS  PO  BOX  1322Z  SHCRRMEHTO  95013 


INJECTOR  FLOW  VS  TIME 
TEST  NO.  2427-936-06-150 


TEST  DATE  11-18-85  1558  HOURS 


AVERAGED  DATA 


1 OPOJ  PSI 

2 DPFJ  PSI 

3 KHQJ 


INJECTOR  CALCULATIONS  VS  TIME 
TEST  NO.  2427-936-A6- 1 50 


4 KHFJ 

5 CSTRPB  FT/SEC 

6 CSTflR  FT/SEC 


REROJET 

©TethSystems 


COMPRNY- 


TEST  DATE  11-18-85  1558  HOURS  AVERAQED  DATA 


TEMPERATURE  (DEC  F) 


I 

O 


1 TC-7  DEG  F 

2 TC-10  DEO  F 

3 TC-11  DEG  F 

4 tc-12  deg  f AEROJET 

©TechS  ystems 

COMPANY 


92 


QflS  SIDE  WRLL  TEMPERRTURES  VS  TIME 
TEST  NO.  2427-936-R6-15D 

BARREL  DATA 

TEST  DATE  11-18-85  1558  HOURS  AVERAGED  DATA 


TEMPERATURE  (DEG  F) 


V»w 
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o 

ro 


I 

THC-2 

DEG 

F 

2 

THC-26 

DEG 

F 

3 

TWC-27 

DEG 

F 

4 

THC-31 

DEG 

F 

5 

TWC-32 

DEG 

F 

6 

TWC-33 

DEG 

F 

7 

TC-7C 

DEG 

F 

COOLANT  OUTLET  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-A6-150 

REROJET TEST  DATE  11-18-85  1558  HOURS  AVERAGED  DATA 

©TediSustems 

COMPANY— 


CD 

LO 

m 


o 

~o_ 
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iuj£- 
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m o- 

CO  “ 
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o 

CO 


•4-1- 
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2 
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3 

PRTS  CORR 

4 

DPTR 

PS  I 

5 

OPTS-C 

PS  I 

6 

OPTS 
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■5— $• 


48 


64 
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4 IT 


80 


96 


AEROJET 

©TechS  ystems 

COMPANY 


112 

TIME 


AEROJET  TECHST3TEHS  PO  BOX  1J2Z2  SACRHHEWT0  9S8IS 


TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427-936-R6- 1 50 

CHAMBER  PRESSURE  DROPS  AND  RATIOS 

TEST  DATE  11-18-85  1558  HOURS  AVERAGED  DATA 


TIME  (SECONDS) 


REROJET- 


INJECTOR  CRLCULOT I ONS  VS  TIME 
TEST  NO.  2427-936-06- 1 50 

NOZZLE  AREA  CHANGE 

TEST  DATE  11-18-85  1558  HOURS  AVERAGED  DATA 


COMPANY- 


T 


1 PCTSU  PSIR 

2 PCTSU-2  P5tR 

3 PCTSU-3  PSIR 

4 PCTSD  PSIR 

5 PCTSD-2  PSIR 


REROJET 


©TechS  ystems 

COMPRNY 


16 


1 

TCR-1 

DEO 

F 

2 

TCR-Z 

DEG 

F 

3 

TCR-3 

DEO 

F 

4 

TCR-4 

DEG 

F 

5 

TCR-S 

DEG 

F 

6 

TCR-6 

DEG 

F 

32 


48 


64 


80 


96 


112  126 
TIME  ! SECONDS) 


144 


160 


“ I — 
176 


192 


I 

208 


224 


240 


AEROJET 

©TedhSystems 

■COMPANY 


GflS  TEMPERRTURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 50 

PRESSURE  MEASUREMENTS 

TEST  DATE  11-18-85  1558  HOURS  AVERAGED  DATA 


1 POT  PSIR 

2 PPT  PSIR 

3 POJ  PSIR  ■ 


MERSURED  PRESSURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 5 1 


4 

PFJ 

PSIR 

5 

PC-1 

PSIR 

6 

POJ  I 

PSIR 

7 

PFJ  I 

PSIR 

AEROJET 

©TechS  ustems 

COMPANY 


TEST  DATE  11-18-85  1608  HOURS  AVERAGED  DATA 


FLOW  (LB/SEC)  MIXTURE  RRTIO 

2345  0.0  0.5 


F WF  LBS/SEC 

0 WOX  LBS/SEC 

T WTOT  LBS/5EC 

M m RERDJET 

©TechSustems 

COMPANY— 


/ / / 


INJECTOR  FLOW  VS  TIME 
TEST  NO.  2427-936-R6- 1 5 1 

TEST  DATE  11-18-85  1608  HOURS  AVERAGED  DATA 


) 


) 


) 


i opoj  psr 

Z OPFJ  P5I 

3 KWOJ 


INJECTOR  CRLCULRT I ONS  VS  TIME 
TEST  NO.  2427-936-R6- 1 51 


4 KWFo 

5 CSTRPB  FT/SEC 

6 CSTflR  FT/SEC 


REROJET TEST  DPTE  11-18-85  1608  HOURS  AVERAGED  DRTR 

©TechSystons 

COMPRMY 


TIME  I 


1 TC 

2 TC 

3 TC 

4 TC 


7 

DEG 

F 

ID 

DEG 

F 

11 

DEG 

F 

12 

DEG 

F 

AEROJET- 


@Tech5  ystenis 

COMPANY 


1C0NDS) 

DAS  SIDE 
TEST  NO. 

BARREL  DATA 


WALL  TEMPERATURES 
2427-936-R6- 1 5 1 


VS  TIME 


TEST  DATE  11-18-8S  1608  HOURS  AVERAGED  DATA 


0 16 


1 

TWC-2 

DEG 

2 

TWC-Z6 

DEG 

3 

THC-27 

DEG 

4 

THC-31 

DEG 

5 

TWC-32 

DEG 

6 

TUC-33 

OEG 

7 

TC-7C 

DEG 

32  46 

F 

F 

F 

F 

F 

F 

F 


64 


80 


96 


112 

TIME 


■ AEROJET 

©TediSystems 

COMPANY 


128  144  160  176  192  206  224  2 

( SECONDS) 


COOLANT  OUTLET  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 5 1 


TEST  DATE  11-18-65  1608  HOURS 


AVERAGED  DATA 


ZLL"£3  qelTR  PRESSURE  (PSI) 

-150  100  350  GOO  850  1100  1350  1GOO  1850 


1 PRTR 

2 PRTS 

3 PRTS  CORR 

4 DPTR  PSI 

5 OPTS-C  PSI 

6 DPTS  PSI 


144 


160 


176 


192 


2 


I 

128 

(SECONDS) 

TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427-936-R6- 1 5 1 

PRESSURE  MEASUREMENTS 

TEST  DRTE  11-18-85  1608  HOURS  AVERAGED  DRTR 


1 

TCR—  1 

OEG 

F 

2 

TCR-2 

DEG 

F 

3 

TCR-3 

DEG 

F 

4 

TCR- 4 

OEG 

F 

5 

TCR-5 

DEG 

F 

S 

TCR-6 

DEG 

F 

n i i r 

48  64  80  96 


AEROJET 

©TechSustEi 
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32 
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80 


96 


1 

POT 

PSlfl 

2 

PFT 
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3 

POJ 

PSIP 

4 

PFJ 

PSlfl 

S 

PC-1 

PSlfl 

6 

POJ  I 

PSlfl 

7 

PFJI 

PSlfl 

HERO JET 

©TecJiSystt 


COMPRNY 


MERSURED  PRESSURES  VS  TIME 
TEST  NO.  2427-936-R6-1S2 


TEST  DATE  11-19-85  1112  HOURS 


AVERAGED  DRTR 


FLOW  t LB/SEC ) MIXTURE  RRTIQ 
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H 
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MHHj 
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1 

H 

■ 
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1 

1 

mm 

.Jm 

1 

H 

1 

1 

i 

| 
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1 

1 

1 

pm 
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m 

PH 

TcSffiS 

m 

88S8818I 

§h9 
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lllf 

|| 

in 

n 

i 

■ 

■ 

■ 

■ 

mi 

KsjH 

m 

0 16  32  48  64  80  96  112 

TIME 


F WF.  LBS/SEC 

0 HOX  LBS/SEC 

T WTOT  LBS/SEC 

M nR  AEROJET 

©TediSustems 

COMPANY 


INJECTOR  FLOW  VS  TIME 
TEST  NO-  2427-936-06-152 


TEST  DATE  11-19-85  1112  HOURS 


AVERAGED  DATA 


1 

OPOJ 

PS  I 

2 

DPFJ 

PS  I 

3 

KWOJ 

4 

KWFJ 

5 

CSTRPB 

FT/SEC 

6 

CS7RR 

FT/SEC 

INJECTOR  CALCULATIONS  VS  TIME 
TEST  NO.  2427-936-R6- 1 52 

RERDJET TEST  DATE  11-19-85  1112  HOURS  RVERRGED  DRTR 

©TediSystems 

COMPANY-— 


TEMPERATURE  (DEO  F) 


I 

U3 


1 TC-7 

2 TC-1D 

3 TC-11 

4 TC-12 


DEG  F 
DEG  F 
DEG  F 
DEG  F 


■AEROJET 

©TechS  ystEms 

COMPANY 


DOS  SIDE 
TEST  NO. 

BARREL  DATA 
TEST  DATE  11- 


WRLL  TEMPERATURES  VS  TIME 
2427-936-FI6-152 


19-85  1112  HOURS 


AVERAGED  DATA 


1 

TWC-2 

DEG 

F 

2 

THC-26 

DEG 

F 

3 

7WC-27 

DEG 

F 

4 

THC-31 

DEG 

F 

5 

TWC-32 

DEG 

F 

6 

TWC-33 

DEG 

F 

7 

TC-7C 

DEG 

F 

AEROJET- 


©TediSystemf 


COMPANY 


_ 28 

TIME  I SECONDS ) 


COOLRNT  OUTLET  TEMPERRTURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 52 


TEST  DRTE  11-19-85  1112  HOURS 


AVERAGED  DATA 


PRTR 

PRTS 

PRTS  CORR 
DPTR 
□PTS-C 
OPTS 


PSI 

PSI 

PSI 


REROJET- 


TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427- 93 6- R6 -152 

CHAMBER  PRESSURE  DROPS  RND  RATIOS 

TEST  DATE  11-19-85  1112  HOURS  AVERAGED  DATA 


©TedrSystems 

COMPANY 


ro 

ro 


1 NR1  SQ.IN. 

2 NR2  SQ.IN. 

3 CDR 


E3-123 


1 PCTSU  PSIR 

2 PCTSU-2  PS  I fl 

3 PCTSU-3  PSIR 

4 PCTSD  PSIR 

5 PCTSD-2  PSIR 


TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427-936-R6- 1 52 

PRESSURE  MEASUREMENTS 

AEROJET TEST  DATE  11-19-85  1112  HOURS  AVERAGED  DATA 

©TechSustems 

COMPANY 


TEMPERATURE  (DEG  F) 


iECONDS  I 


GRS  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 52 

PRESSURE  MEASUREMENTS 


TEST  DATE  11-19-85  1112  HOURS  AVERAGED  DATA 


1 POT 

2 PFT 

3 POJ 


PUR 

PUR 

PUR 


MEASURED  PRESSURES  VS  TIME 
TEST  NO.  24 27- 936- AS- 1 53 


4 PFJ 

5 PC-1 
5 POJ  I 
1 PFJI 


PUR 

PUR 

PUR 

PUR 


PEROJET- 


TEST  DATE  11-19-85  1159  hOURS 


flVERRGED  DATA 


©TechS  ystems 


COMPRNY 


FLOW  t LB/SEC 


F WF 
0 HOX 
T WTOT 
M MR 


LBS/SEC 

LBS/SEC 

LBS/5EC 


/ 


■AEROJET 

©TediSystems 

COMPANY 


/• 


INJECTOR  FLOW  VS  TIME 
fEST  NO.  2427-936-R6- 1 53 


fEST  DATE  11-19-85  1159  HOURS  AVERAGED  DATA 


/ 


1 dpoj  psi.  INJECTOR  CRLCULPIT  IONS  VS  TIME 

2 dpfj  psi  test  no.  24 27-936-06- 153 

3 KWQJ 


4 KWFJ 

5 CSTRPB  FT/SEC 

6 CSTfiR  FT/SEC 


REROJET- 


• COMPRNY- 


TEST  DATE  11-19-85  1159  HOURS  AVERAGED  DATA 


T 


1 7C-7  DEG  F 

2 TC-1D  DEG  F 

3 7C-11  DEG  F 

4 TC-12  DEG  F 


AEROJET 

©TechSustems 

COMPANY— 


.28 
(SECONDS) 

GHS  SIDE  WRLL  TEMPERATURES  VS  TIME 
TEST  NO.  2427-936-R6- 1 53 

BARREL  DATA 

TEST  DATE  11-19-85  1159  HOURS  AVERAGED  DATA 


TEHPE 


1 

THC-2 

DEG 

F 

2 

TUC-26 

□ EG 

F 

3 

TWC-27 

OEO 

F 

4 

THC-31 

DEG 

F 

S 

THC-32 

DEG 

F 

a 

TWC-33 

DEG 

F 

7 

TC-7C 

DEG 

F 

•AEROJET 

©TediS  ystems 

COMPRNY 


SECONDS) 

COOLRNT  OUTLET  TEMPERRTURES  VS  TIME 
TEST  NO.  2427-936-R6-153 


TEST  DATE  11-19-85  1159  HOURS 


AVERAGED  DATA 


PRTR 

PRTS 

PRT5  CORR 
DPTR  PSI 

DPTS-C  PSI 

DPTS  PSI 


REROJET- 


TURBINE  BUILD-UP  DRTR  VS  TIME 
TEST  NO.  2427-936-R6- 1 S3 

CHAMBER  PRESSURE  DROPS  AND  RATIOS 

TEST  DATE  11-19-85  1159  HOURS  AVERAGED  DATA 


©TechS  ustE/ns 

COMPANY— 


112  128 
TIME  (SECONDS) 


INJECTOR  CALCULATIONS  VS  TIME 
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